Introduction
The electronic specific heats of metals, alloys, metal -hydrides, and (1) where y is the electronic specific heat and ß 3 is the lattice specific heat in the low temperature approximation. This equation is valid within about + 0.5% for some metals at low temperature, for example, copper. Figure 1 shows a plot of Cp/Tvs. T2 for pure copper as reported by Osborne, Flotow, and Schreiner [1] . As can be seen, a straight line can be drawn through the data points andan extrapolation to 77= Ogives y = 0.694 in mJ K~2 g-atom"1.
The slope of the line gives the coefficient ß in (\) and this corresponds to a Debye temperature, 0D, of 344.5 K. At higher temperatures (above 7 K) a significant deviation from the straight line behavior in Figure 1 is evident [1] , and higher order terms in Tare required to adequately fit the data.
The free-electron model relates the electronic specific heat coefficient, y, to density of states at the Fermi surface by the well-known equation : y = ln2k2N(EF), (2) where N(EF) is the density of states at the Fermi surface and k is the Boltzmann constant. Of course, (2) It should be noted that a magnetic contribution to the electronic specific heat coefficient has been shown for certain alloys of ferromagnetic with antiferromagnetic or non-magnetic metals. Some alloy systems which exhibit this magnetic contribution, ymag, are Mn -Ni alloys [3] , Fe -Al alloys [4] , and Cu -Ni alloys [5, 6] . Such alloys will not be discussed here. This paper gives a brief, general description of the methods and equipment used for the determination of low temperature (below 20 K) specific heats, presents a discussion relating to the evaluation of y from specific heat data which contain one or more contributions to Cp in addition to the two given in (1) Figure 2 .
Only the bottom section of the apparatus which is immersed in liquid helium at its boiling temperature is shown. The outer jacket is evacuated to attain the adiabatic condition necessary for calorimetrie measurements. The main parts associated with the He3/He* dilution refrigerator are the condenser, flow controlling impedance, still, heat exchangers, and the mixer where the refrigeration process occurs. The mixer is thermally coupled to the mechanical heat switch jaws which in turn receive the heat from the calorimeter through a gold wire clamped between the jaws. After the calorimeter is cooled to the desired temperature the heat switch jaws are opened and the calorimeter is thermally isolated from the mixer. The theoretical and practical aspects of He3/He* dilution refrigerators have been treated in a number of excellent published papers [9] [10] [11] . The chief advantages of He3/He4 dilution refrigerators are that continuous refrigeration can be provided indefinitely, the actual operation only requires circulation of the He3/He" gas mixture by an external conventional pumping system, no magnetic fields are required, and as shown in Figure 2 the entire system provides convenient conditions for precision calorimetrie measurements from about 0.1 to 25 K.
The temperature sensors for the calorimetrie measurements are calibrated germanium resistors which are mounted in the heater-germanium thermometer assembly as shown schematically in Figure 2 ; only one thermometer is shown, but up to three thermometers can be accommodated. In practice we use one thermometer from 1 to 25 and a second thermometer for temperatures below 10 K. The heater-germanium thermometer assembly is coupled to the calorimeter by mating threads which are coated with a thin layer of grease. The calorimeter is usually designed to be used with a particular sample so as to provide conditions for rapid attainment of thermal equilibrium within the actual sample and also between the sample and the calorimeter. The calorimeter is suspended near its top and bottom by fine threads attached to three threaded rods which are rigidly attached to the mixer.
It is highly recommended that all calorimetrie systems be tested for reproducibility and for absolute accuracy by measuring the specific heat of high purity copper over the temperature range of interest. Such a test with the calorimetrie system shown in Figure 2 indicated Figure 3 , and increase from 12.2 to 13.3 mJ K"2 mole-1 in the temperature range 5.5 to 1.3 K. Bieganski et al. [15] give no explanation for this effect. [16, 17] and for ErH.! 99 the Cp peak at 2.1 is also suggested to be the result of antiferromagnetic ordering [16, 18] . In both cases, it is obviously impossible to extract reliable experi- [19] are presented in Figure 6 . 
The bottom line in Figure 6 represents a least squares fit of the data between 1.4 and 4 to the equation :
(Cp-1.19 T3l2)/T=y + ßT2, (8) and in this case the value of y = (28.14 ± 0.04)mJ K~2 mole-1 is obtained. Both of the above fits are within the experimental accuracy of the data, and one is reduced to giving a value of y for i?-UH3 of (29 ± 1 ) mJ "2 mole " One final comment on the results in Figure 6 is that the Cp data above 4 [21] ). The solid squares are from [21] and the solid circles from ref. [22] , See text for additional comments [21] . [25] was the first to clearly show that the decrease in the value of y as vanadium was alloyed with chromium, chromium and hydrogen, or hydrogen de- [25] Rohyand Cotts-VxCr(1.x)Hy [25] Rohyand Cotts-VHy [25] McMillan(TableTÍ)-VxCr(Vx) [ [31] , and Lounasmaa [32] are presented in Table 2 together with the hydrogen, nitrogen and oxygen content of the samples. A plot of y versus atomic percent hydrogen is shown in Figure 9 . It appears that from about 0.1 to 1.5 atomic percent hydrogen there is an unusual increase of y with increasing hydrogen concentration and then a more gradual decrease of y from 3.0 to 15.5 atomic percent hydrogen. Figure 10 is a plot of Cp/ versus T2 for two Lu -H alloys as given by Thome et al. [29] . Figure 10 . Thome et al. [29] also found for hydrogen concentrations of 1.5 [33] have found anomalous heat capacities of niobium and tantalum below 1 which they showed were associated with hydrogen or deuterium dissolved in the metals. They concluded that a tunneling motion of the or D in the -phase of these metals would be consistent with the data available. Also, one should note that the result of Lounasmaa (see Table 2 and Fig. 9 [33] result. The high levels of nitrogen and oxygen in Lounasmaa's lutetium (see Table 2 ) further add to the uncertainty of the 77"2 behavior. One obvious way to help establish whether or not hydrogen tunneling occurs in a-LuHx is to extend the specific heat measurements of the Lu -H alloys well below 1 
